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ABSTRACT 

PURPOSE: To move a wafer at a high speed with high precision and also to 
position accurately a mask at a position where the wafer opposes by a wafer 
moving mechanism freely from mechanical friction and a fine-moving 
mechanism that makes fine adjustments of the position and direction of a 
mask pattern, 

CONSTITUTION: Mutual intervals between traveling table 2 on which wafer 3 
is mounted, and traveling body 4 which moves traveling table 2 back and 
forth and forth and traveling body 5 which moves traveling table 2 right 
and left are held by a static-pressure air bearing without any friction at 
all and traveling table 2 is held on surface plate 1 by the static-pressure 
air bearing on the reverse surface without contact. Further, internals 
between guides 6 guiding traveling bodies 4 and 5 and respective traveling 
bodies also constitute the static-pressure air bearing and each traveling 
body is driven by a linear motor without mechanical contact. Inside of mask 
holder 10 supported at a fixed position on surface plate 1, X and Y fine- 
moving mechanisms, Z fine-moving mechanism and .theta. fine-moving 
mechanism are provided, so that the position and direction of mask 9 can 
finely be adjusted. 
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Precision X-Y Stage with a Piezo-driven Fine-cabie" 



Shigeo MORiYAMA. - " Tatsuo HARADA" and Akihiro TAaANASHI " 



A precisian X-T 3 '3 3 e ha 3 been developed far 3t?p ini repeat 
lithography 3 73 ran 3 , such as optical reductioa projection aligners and 
electron-beaa exposure systems. To achieve fast azd accurate 
paaitioaiag, the stage incorporates a dual-stage 3 73 tan consisting of 
coor?i«? and fine t/iblea. The con rjc '.able hno a unique aechanical 
atracrirj utilising a slide-bearing juide. To reduce the aoviag 

aaas of 4 table, it ia dealjaed that only a table aoves oa an X-T 
plane. The table ia drives by DC servoaotors and ball-screvs. These 
X and T-aria drive aechaniaos are both fired ta the sane base. 
coarse table achieves a aaxiaua velocity of lOCaa/s, ***** caa be 
positioaed with 5ua accuracy. The fiae table ia driven by three 
pieso-eiectric actuators, and naves preciaelj along the X, T, and 
<3-axes 30 aa ta corre c t for X and T-axis poaitioniag errors aad Taw 
due to the coarse table. Positioning of the tables ia carried out 
vita a" closed- loop control ays tea using a J-axia (X,T and Taw) laser 
intarferaaeter aeasureaent systea. The new precision X-T stage 
achieves a positioning accuracy of iC.OSua, a yaw of less than ilurad, 
and a 2CCas aove tine for a 1Caa step. 

Jay words: X-T stage, lithography systems, precise positioning, 
piexo-*iectrtc actuators, laser iaterfereaetar control 



Introduction 



2. Mechanical construction 



Xicro- Lithography systaasr, such as 
redaction projection aligners or an 
electron- beam exposure ays teas, are 
bec carfn g very inportanr in aeaiccnductor 
production. In such aysteas, a precision 
X-'C stage is used ' for stepping the 
voric- piece, and is, a Icay coaponant.in that 
it de-tarainea the total performance of the 
37s tea. Thus, in order to realize higher 
precision and higher throughput in a given 
37a tea, the stage aust achlarre high-speed 
performance with a positioning: accuracy of 
aore than iO.lua. This paper presents a 
laviy developed atep and repeat type X-T 
stage • consisting of a coarse- and 
tiaso-driven fine-table. The stage system 
architecture is presented along with aoae 
systan evaluation results. 
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The sechanieal construction of the 
newly developed X-T stage is shown in 
?ig.t. It consists of a coarse-table 
having a positioning accuracy of £5na for 
t2Caaxt2Caa travels, and a fine XT9 table 
no anted on the coarse — table to correct for 
positioning errors due to the coarse- table. 
The fine table has a aotion range of ±3ua, 
and caa rotate as such as tSOurad. 

2.1 Coarse- table 

The coarse- cable uses a unique, light 
weight X-T structure to achieve high-speed 
positioning, A straight guide groove is 
farmed in the center of a base along the 
X-axis, and a croas-plata slides along this 
groove. A guide rail is laid on the 
crosa- plate along the T-axis. The 
coarse- table rests on the base on its own 
four corners. A sheet is affixed to 

each part of the cross- plate which contacts 
to the base, so the table can slide vithout 
the need for any additional lubrication^ 

Zach X- aad T-axis drive nechanian 
consists of a 2C servo actor and a 
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?t«.1 Mechanical construction 
v v X-axia rectilinear notion of 

eowpled to tw rollers « ™ 'Vj 
rectilinear »otlo& of 2? i ^ 1 " BBt 
txaasalttad to the eoarse-taolo. 
™l£ 0 too rollers ar. «* J 

atoauld h* determined *r 

^♦b^j. staae nrt determined as follow* 
?2?5 Stable (mcluain^m. table) 

• Pre-load for rollers \ 
-Allowable acceleration : 
a friction coefficient : 0.2- 

2.2 Sine table 

Th- flw tmM» i» «-.nt«l on 
co.rs-table -ith f-r «««« 
f O and is driven oy 
piwo-actuators placed 1* 

, r. ca and of the piezo-actuator 

(rig.2. 1 • - aca „ M<1 <_ fastened to 

has flerur* hinges. One end -s ™ sx "\ 
S. coarse-table and ^ 
fastened to^ the fine-table (shown as a 

Uri In ?tg.*w. with 

SMh displ-ce«ent Or. « ^ ^ 

actuator Pji and *r*. ^^^jTof 
fine-table rotation wxta an angle 
Ca7i-A7-)/t, and a displacement as "ca « 
" ,a ■ a )/2 eT-ae other hand, displacement 
(,!ir,-r^}-5)/2. Ga Jie o.ner taol8 
osof the actnatar ?s causes , 
parallel movement, whew the J«r «- 





?ig.2 XT9-oov««« nt using 

tiir*« pieso-actuatora 
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5 Construction <rf fla*- 
and co«ra«-tabl« 




r *<18 mm 

Q,»12 mm 
Qjw 10 mm 

CrculIriT^tch-d bins. Cera-ic insula": 

\\ 1 AO mm ^ / 
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Pieso-electric actu*wr 



actuators ?7» and ^ 2 
spring gui^e. Hencs. 
oiove along the X t X f 3 axes 
supnlna-? suitable drive 
oieso-acruacor. 
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As sr.s-wn in "15.-. the actua ::: 
consists of 3 pieco electric pipe and 
:vo output tertti.tals having circular!/ 
notched* hinges"? Actuation tsices place 
over a di3t-ac.ce as great as !3ua vr.en a 
voltage of 5CCV is applied. A *aias 
voltage 0: JCCV is usually applied to 
the aiesc This *]Io*a .ictuntian of 
tSua around this hcrne positior.. 



3. Control system 

Positioning control of the coarse- 
and 7 the fine- table 'are carried out with 
a closed-loop system that utilises a 
>axia (X,r and Yaw) laser inter- 
ferometer. Tie optical arrangement of 
the laaer interferometer ia shown in 
?ig.5. The plane airror on the 
fine- table is aade of silica grass, and 
its flatness ia V20. Taw ia aeasured 
with n pnrn] let- p*th Inner 

interferometer- The distance between 
the parallel beams ia 25mm, so, yaw 
error is aeasured with a resolution of 
O^nxad. The block diagram of the 
control system is shown in ?lg.6. The 
system consists basically of a 
coarse- table servo circuit, fine- table 
servo circuit ♦ and a aini-computer 
syrtaa to supervise the control 
sequences* 

da laser interf sremeter aeasures 
tha> table position with a resolution of 
x/4O(-O.0l6ua) , and compares it to the 
destination loaded by the computer. 

digitally calculated position error 
is- converted to an analog signal by a 
D/l- .converter. The error signal drives 
the sarvo-motor, and aoves the table at 
4 aaxlaun velocity of t 00am/ a. When 
the table arrives at a point 2mm from 
the; destination,.: . it begins to 
dec*! era te smoothly along the 
deceleration curve,, and finally is 
positioned within i5um of the 
destination* 

Prior to coarse- table positioning, 
the fine- table is set at its center of 
travel. As soon as the coarse 
positioning is completed, fine 
positioning is carried out using the 
three pi eco- ac tua to rs . Ti8 f- axis 
error 3ignal is fed to tha 
pieso- actuators ?y1 and Py2 using 
opposite phase signals. 

."•!••<• Uon of control .no«io for 
coarse or fine positioning and other 
sequences are supervised by the 
aini-ccaruter . The fine positioning 
control ceases during coarse 
positioning, however, /aw error 




?ig.5 Laser interferometer setup 




Pig.S Control system block diagram 
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4. 2valuatioa and discussion 

A arototype stage -as 
constructed, and ..a » 
juiding accuracy and ?oa-.-on--g 
performance -era evaluated. --«• 
Leva an asternal « 
prototype stage. 

4.1 Secnanical guiding accuracy 

Taw during stage travel ia shown 
in ?i«-3. ?i«.8(.) »hova a 

wail. ?l«.8(a> show* tie results wich 
correction. Without eoRtstifl».7J 
error exceed* JOurad. However, this 
arror can b. reduce to M * an 
±0.2nrad when correctioa control -a 
cLSed out. ft. str.igntn.aa error 
S£g stag. travel t» » n0 ™ g 
ft. atrai«at».« «*« 

tae> coara.-t.bl. (se. "J**!!!,. 

rath.r larg. U th. ^f^^g^ 
error ehaag«s m a st.a-iix. 

^.r^urtnT^S^. A ^ 
JSerror. fti* «•? ia aot cauajd 
£ irregulariti« i» th. 

Soov. guid., Imt 5L2*S 
SoroTtn. T-*xia drlT.fraa.sad 

rol2.ra (a.. Wg.t). 

Hdwr. P±«° correction can 
rrfuc thin error to J« 

7™»«*r.t. that th. pi«*> arisen 
STtaoI. has * r«olutloa £ 

adopting • floxoro * 
dry-friction can Wa.gl.ctea. 




21g.9 str*£ghtn.aa error 



4.2 ?oaitiotting parforaanc. 



Th. temporal rwaoaa. for 
Telocity in TtOm step ia aaovn in ?ig.iO- 

aaSad 'or fin.- table poaitioaifig d.p.ada 

case, the ?rotot7P« 3ta f® 

correctioaa ia leaa than 20«a. 9r?ijp 

Positioning error ana y» 
distributions nr. shown In jjj ftj" 
data ve re 'obtained from 1 CC0 . rtlia 
10. ateps. Positioning error « l«s than 
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Pig. 11 Positioning error distribution 

! and jaw is less 
iO.Surad. Hovever, in order to discuss 
absolute accuracy, the aeasureaent accuracy 
sf tix* laser intarf eroaater aust be also 
taken into account. Vita respect to jav 
accuracy, an additional error of*3.3urad 
(caused 37 the names* error of %/20 -#ita 
the laser reflection airror) aust be 
considered* 

• The positioning accuracy or 0*05u« is 
restricted aainiy by the aeasureaent 
resolution of tae laser interferometer. 
■Teace accuracy can be inproved by adopting 
1 aore accurate aeasureaent system* 
iaother factor vhica reduces tae 
positioning accuracy is tae theraal 
srpansioa of tae table* Hdwrer,. this new 
•tage structure- ia sxtreamly stable with 
respect to theraal stability, as the servo 
. actors are located far from tae table, and 
the pieco actuators hardly produce any beat 
Than they are actuated* 

5 Conclusions 

A yav-corrected , ste^-aad- repeat type - 
I-T stage has been developed for use in 
. stai conductor lithography ays teas. Tae 
results are as followa: 

(1) A novel, Ugat-veigfat X-T stag* 
structure aaabe^n presented, where a 
table vita ?T73 slide bearing aoves oa 
*a X-r plane. 



vas developed, vhers three 

pieco-actuators ac*: to sritie X-T oovea 
ia addition to fi^e a.crua:i::g function. 
A fine paaitioni^s resolution of 
greater than O.Q2ua vaa achieved. 

(3) The foiloving performance vas achieved 
vith the prototype stage coasi3t3 of 
the X-T coar3e- table aid the r_'9 
fiae- table. 

Stage travel :120*120na 
Xaaeiaua alev velocity :tCCraa/a 
Positioning accuracy :±O.Q5ua 
Tav rless thaa tturad 

Xove tine for tCaa atep:20Cas 

Thus the sew stage is seen to realize 
inproved positioning perforaaace. 



The authors wish to 9x?T*aa their sincere 
appreciation to Or* S-Hashiaoto, Cantrsl 
Hesearca Laboratory of Hitachi Ltd., for 
his thoughtful suggestions during the 
course of this vorfc. 
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